Background: Transcatheter arterial chemoembolization (TACE) is a dedicated method for treating intermediate stage hepatocellular carcinoma (HCC). The Lipiodol used in conventional TACE presents the advantage of being easily visualized and quantified on Computed Tomography (CT). Methods: Immediate postprocedural (baseline) and follow-up CT examinations of twenty patients treated by TACE for HCC were evaluated in this study. Lipiodol uptake on baseline images and progressive washout on follow-up examinations were assessed. Results: Statistically significant lower baseline Lipiodol densities are found in patients that develop tumoral recurrence at some point on follow-up examinations (p=0.0280). Using the treated nodule density as a predictive factor for tumoral recurrence, we obtained a diagnostic sensitivity of 92.31% in patients with cut-off values ≤ 545.36 HU, albeit with a low specificity. All patients develop a quantifiable Lipiodol density decrease over time, regardless of tumoral recurrence implication (p=0.0298). There is evidence to suggest that specific Lipiodol accumulation patterns may be associated with a higher risk of tumor recurrence. Conclusions: Baseline post-procedural Lipiodol accumulation levels may serve as a predictor for tumoral recurrence in patients treated for HCC using TACE, with good sensitivity provided a high cut-off value is set for the measured densities.
INTRODUCTION INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent primary malignant tumor of the liver, responsible for up to one million deaths, globally, per year (1) . While most cancers worldwide are experiencing a drop in incidence, the burden of HCC is increasing, with a heterogeneous distribution among the population and with challenges concerning therapeutic options (2) . One of the treatment modalities for HCC is transcatheter arterial chemoembolization (TACE), which is appropriate for stage B HCC according to Barcelona Clinic Liver Cancer staging system (3) . TACE experienced many technical developments as new drugs and delivery systems were developed, but the conventional approach, using Lipiodol emulsion mixed with doxorubicin followed by complete embolization is still one of the most used methods worldwide (4) . The follow-up of TACE-treated HCC is performed by computed tomography (CT) and/or magnetic resonance imaging (MRI). Certain imaging criteria have been developed to assess the success rate of treatment and the appearance of tumoral recurrence (5) . Taking in consideration the chemotherapeutic drug is mixed with Lipiodol, and the latter is easily visualized on CT (and less so on MRI), the degree of Lipiodol uptake and potential subsequent wash-out from the tumor nodule may provide information regarding the effectiveness of the procedure (6) . This paper evaluates the dynamics of Lipiodol in HCC patients treated by TACE on follow-up studies, attempting to verify the potential of using Lipiodol uptake and wash-out rate as a predictor for tumor recurrence.
METHODS METHODS
The retrospective study group consisted of all patients (n=20) treated for HCC with conventional TACE between January 2014 and December 2014 in the Department of Radiology, Medical Imaging and Interventional Radiology of Fundeni Clinical Institute, Bucharest. The patients were submitted to baseline and follow-up imaging studies in our center, and they were tracked up until August 2017.
Inclusion criteria were set as followed: patients with both pre-interventional and follow-up CT scans in our Department, using dedicated protocols; treatment criteria according to HCC staging were respected; patients treated with conventional TACE were selected; tumor's smallest diameter larger than 10 mm; HCC was confirmed with either biopsy or certainty of imaging features; patients developed HCC on a chronic liver disease.
For each patient included, if multiple nodules were present, only one nodule was considered for the study, which was the largest and showed dominant features.
Measured parameters were patient age, gender, etiology of chronic liver disease as well as tumor size, Lipiodol uptake size, shape and mean density in both baseline and follow-up imaging studies. Appearance of tumoral recurrence was diagnosed using mRECIST criteria (7) . Lipiodol uptake density was measured in Hounsfield units (HU) using a round region of interest (ROI) within the largest diameter of the tumor, on the unenhanced series of the study. Lipiodol uptake was classified as either being complete, heterogeneous, peripheral, nodular or absent. Lipiodol wash-out was defined as either partial or complete decrease in density in the treated nodule. The degree of Lipiodol washout in relation to time was measured as the difference between follow-up and baseline studies' densities divided by the time period expressed in months. Patient follow-up was terminated on the appearance of tumoral recurrence, employment of subsequent nodule treatment, complete wash-out, patient withdrawal or death.
The images in the studies were assessed in consensus by three board certified radiologists. Images were interpreted on a dedicated imaging software OsiriX 8.0.2 MD 64bit and all data was collected using Microsoft Excel 2013 15.0.4953.1000 64-bit.
Statistical data was analyzed using IBM SPSS Statistics 21 Premium x64bit. Standard statistical methods like mean, median, average and standard deviation were employed. Receiver operating characteristic (ROC) curves were used to determine predictive power. Mann-Whitney U test was employed to test statistical differences between patient subgroups. Pearson correlation coefficient was used to measure correlation power between variables. A p-value smaller than 0.05 was considered statistically significant.
Hospital ethics committee approval and patient informed consent were obtained.
RESULTS RESULTS
A total of 20 patients were included in this study (M:F = 11:9) aged between 23 and 85 years (median age: 68 years old). All patients had been diagnosed with HCC on liver cirrhosis. The underlying cause of cirrhosis consisted of: hepatitis C virus (n=11), hepatitis B virus (n=5, out of which one was antigen delta positive as well), alcoholic (n=2) and cryptogenic (n=2).
Out of the total number of patients included in the study, 13 patients (65%) demonstrated viable tumoral tissue on the follow-up examinations.
Histopathological evidence of hepatocellular carcinoma was available in 6 cases (30%).
Initial tumoral nodule size ranged between 10.36 mm and 84.06 mm, with an average of 32.57 mm (± 21.23 mm). First follow-up examination time period ranged from 1 to 13 months (median of 3 months). The mean time for tumoral recurrence identification is 4.3 ± 2.1 months.
The mean density of baseline Lipiodol uptake was 341.3 ± 268.1 HU, and for the follow-up studies it averaged 239.8 ± 192.7 HU.
Tumor recurrence occurred in 1 out of 4 cases with complete Lipiodol uptake, in 9 out of 11 heterogeneous uptake patterns, 1 out of 2 nodular patterns and 2 out of 2 cases of absent uptake. Ring-shaped uptake pattern demonstrated no tumoral recurrence up until the last follow-up examination available. There is no statistical correlation between Lipiodol accumulation patterns and tumoral recurrence appearance (p = 0.1415).
Lipiodol uptake values at baseline, in patients with no tumor recurrence in the follow-up period, were 437.6 ± 188.6 HU, and dropped to 300.1 ± 173.4 HU for the entire follow-up period. In patients with tumor recurrence, the baseline Lipiodol uptake values were 289.4 ± 289.2 HU and decreased to 190.1 ± 193.7 HU in subsequent post-interventional studies ( fig. 1) .
The difference between baseline Lipiodol uptake in patients with or without tumor recurrence is statistically significant when eliminating outliers (p = 0.0280). Also, a statistically significant difference is noted between Lipiodol mean densities at the follow-up examinations between the two subgroups, with or without tumoral recurrence (p = 0.0126). There was an overall Lipiodol density decrease over time in all patients, regardless of the presence of the viable tumor tissue presence (p = 0.0298).
A ROC curve has been calculated in order to estimate baseline Lipiodol densities' predictive power in the diagnosis of tumoral recurrence (table 1). Using the baseline CT as a predictor, a cut-off value of ≤ 390.03 HU provides a sensitivity of 84.62% and a specificity of 57.14% (p = 0.0294).
DISCUSSION DISCUSSION
The low percentage of histological evidence in the treated patients in our group of patients is coherent with recent clinical practice, which renders biopsy no longer a requirement for the diagnosis of HCC. The rationale for this strategy is that imaging criteria is considered sufficient in most cases (8) .
The large interval of variation for the first follow-up examination after the TACE treatment is usually explained by low patient compliance, which is an important factor in overall adhesion to treatment and surveillance (9) . The small size of our patient group does not allow for a significant study of the correlation between etiology of liver disease and compliance. However, literature seems to suggest low adherence in patients with chronic hepatitis, which may be a factor in long delays of follow-up imaging studies (10) . As such, calculated mean time to the appearance of tumoral recurrence may be considerably decreased by shorter times to follow-up in patients treated for HCC (11) .
No statistically significant correlation was found between Lipiodol accumulation patterns and the appearance of tumoral recurrence in our study ( fig. 2) , regardless of nodule size. Nevertheless, other study shows that complete retention patterns have a higher chance for a complete response in comparison to than patients with moderate or poor retention patterns (12) .
A quantifiable progressive Lipiodol wash-out was identified in all patients, regardless of whether they eventually developed a tumoral recurrence or not. A decrease in size, as well as a steady drop of mean densities in treated nodules were commonly found in patients without tumoral recurrence, and was best recognized in repeated follow-ups over long periods of time ( fig. 3 ). This represents a normal feature in patients treated with conventional TACE (13). 
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Lipiodol uptake densities, at baseline and follow-up studies, were the central focus of this paper. There was a statistically significant difference between the mean densities measured at baseline in treated tumoral nodules of patients who developed tumoral recurrence on one hand, as compared to those with no signs of recurrence at the follow-up examination on the other hand. The mean values for patients with no recurrence were 437.6 ± 188.6 HU, compared to 289.4 ± 289.2 HU in patients with recurrence. The high value of the standard deviation in patients with tumoral recurrence was due to the patients with absent Lipiodol uptake (n=2). No patients with absent Lipiodol accumulation pattern were free of tumoral recurrence. This information could be useful in selecting patients with high risk of developing a tumoral recurrence and employing a more strict surveillance protocol.
Furthermore, we analysed the ROC curves in order to assess the ability of baseline Lipiodol density to predict tumor recurrence. For densities ≤ 390.03 HU of the measured ROI in the treated nodule at the baseline examination we can diagnose tumoral recurrence with a sensitivity of 84.62% and a specificity of 57.14%. Although slightly higher values have been obtained in larger studies (14) , these values still seem low for a diagnostic test and therefore it may appear like an inappropriate parameter to use since other methods such as contrast uptake, or Magnetic Resonance Imaging apparently yield better results (15) . Yet, we argue that if we choose a cut-off value of ≤ 545.36 HU, the sensitivity for diagnosing tumoral recurrence is 92.31%, albeit a specificity of only 28.57%. However, considering the occurrence of a focal defect or significant washout in the Lipiodol mass is intuitively highly suggestive for viable tumoral tissue, with practically no differential diagnosis, we can sacrifice the tests' specificity in order to increase the overall positive predictive value. Consequently, this increases the sensitivity of the test by using a higher density criterion.
CONCLUSIONS CONCLUSIONS
Baseline post-procedural Lipiodol accumulation levels may serve as a predictor for tumoral recurrence in patients treated for HCC using TACE, with good sensitivity provided a high cut-off value is used for the measured densities. Some post-TACE Lipiodol uptake patterns could suggest a higher chance of tumoral recurrence in patients with treated HCC. Tumoral biopsy plays a minor diagnostic role in patients with HCC in the current context of highly accurate noninvasive imaging methods. Low patient adherence to surveillance represents an impediment for early tumoral recurrence diagnostic in patients with HCC treated by TACE.
